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An antenna 


(57) An antenna for use at frequencies of 200MHz 
and upwards has a cylindrical cerannic core (12) with a 
relative dielectric constant of at least 5. and pairs of hel- 
ical elements (lOA - 10D) extending from a feed point 
at one end of the core ( 1 2) to the rim (20U) of a conduc- 
tive sleeve (20) adjacent the other end of the core (12) 
the sleeve (20) acting as a trap for isolating from ground 
currents circulating in the helical elements (10A - 10D). 
To yield helical elements ( 1 0A - 1 0D) of different lengths, 
the sleeve rim (20U) follows a locus which deviates from 
a plane perpendicular to the core axis in that it describes 
a zig-zag path. The helical elements (10A - lOD) form 
simple helices with approximately balanced radiation re- 
sistances. 



FIG.1. 
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Description 

This invention relates to an antenna for operation 
at frequencies in excess of 200MHz. and particularly but 
not exclusively to an antenna having helical elennents 
on or adjacent the surface of a dielectric core for receiv- 
ing circularly polarised signal. Such signals are trans- 
mitted by satellites of the Global Positioning System 
(GPS). 

Such an antenna is disclosed in our co-pending.Brit- 
ish Patent Application No. 9517056.6. the entire disclo- 
sure of which is incorporated in this present application 
so as to form part of the subject matter of this application 
as first filed. The earlier application discloses a quadri- 
filar antenna having two pairs of diametrically opposed 
helical antenna elements, the elements of the second 
pair following respective meandered paths which devi- 
ate on either side of a mean helical line on an outer cy- 
lindrical surface, of the core so that the elements of the 
second pair are longer than those of the first pair which 
follow helical paths without deviation. Such variation In 
the element lengths makes the antenna suitable for 
transmission or reception of circularly polarised signals. 

The applicants have found that such an antenna 
tends to favour reception of elliptically rather than circu- 
larly polarised signals, and it is an object of the present 
invention to provide for enhanced reception of circularly 
polarised signals. 

According to this invention, an antenna for opera- 
tion at frequencies in excess of 200MHz comprises a 
substantially cylindrical electrically insulative core of a 
material having a relative dielectric constant greater 
than 5. with the material of the core occupying the major 
part of the volume defined by the core outer surface, a 
feeder structure extending axially through the core, a 
trap in the form of a conductive sleeve encircling part of 
the core and having a ground connection at one edge, 
and first and second pairs of antenna elements each 
connected at one end to the feeder structure and at the 
other end to a linking edge of the sleeve, the antenna 
elements of the second pair being longer than those of 
the first pair, wherein the antenna elements of both pairs 
foMow.respective longitudinally extending paths, and the 
said linking edge follows a non-planar path around the 
core, the antenna elements of the first pair being joined 
. to the linking edge at points which are nearer to the con- 
nections of the elements to the feeder structure than are 
the points at which the antenna elements of the second 
pair are joined to the linking edge. The longitudinally ex- 
tending paths are preferably helical paths, each element 
subtending the same angle of rotation at the core axis, 
e.g. 180" or a half turn. In this way it is possible to avoid 
deviations of the longer antenna elements from the re- 
spective helical paths, thereby yielding more balanced 
radiation resistances for the antenna elements and con- 
sequent improved performance with circularly polarised 
signals. 

The core may be a cylindrical body which is solid 


with the exception of a narrow axial passage housing 
the feeder structure. Preferably, the volume of the solid 
material of the core is at least 50 per cent of the internal 
volume of the envelope defined by the antenna ele- 

5 ments and the sleeve, with the elements lying on an out- 
er cylindrical surface of the core. The elements may 
comprise metallic conductor tracks bonded to the core 
outer surface, for example by deposition or by etching 
of a previously applied metallic coating. 

10 For reasons of physical and electrical stability the 
material of the core may be ceramic, e.g. a microwave 
ceramic material such as a zirconium-titanate-based 
material, magnesium calcium titanate. barium zirconium 
tantalate. and barium neodymium titanate. or a combi- 

15 nation of these. The preferred relative dielectric con- 
stant is upwards of 10 or. indeed. 20. with a figure of 36 
being attainable using zirconium-titanate-based materi- 
al. Such materials have negligible dielectric loss to the 
extent that the Q of the antenna is governed more by 

20 the electrical resistance of the antenna elements than 
core loss. . 

■ A particularly preferred embodiment of the inven- 
tion has a cylindrical core of solid material with an axial 
extent at least as great as its outer diameter, and with 
25 the diametrical extent of the solid material being at least 
50 per cent of the outer diameter Thus, the core may 
be in the form of a tube having a comparatively narrow 
axial passage of a diameter at most half the overall di- 
ameter of the core. The inner passage may have a con- 
30 ductive lining which forms part of the feeder structure or 
a screen for the feeder structure, thereby closely defin- 
ing the radial spacing between the feeder structure and 
the antenna elements. This helps to achieve good re- 
peatability in manufacture. The helical antenna ele- 
35 ments are preferably formed as metallic tracks on the 
outer surface of the core which are generally co-exten- 
sive in the axial direction. Each element is connected to 
the feeder structure at one of its ends and to the sleeve 
at its other end. the connections to the feeder structure 
40 being made with generally radial conductive elements, 
and the sleeve being common to all of the helical ele- 
ments. The trap produces a virtual ground for the anten- 
na elements at the linking edge. The radial elements 
may be disposed on a distal end surface of the core. 
45 The preferred embodiment has antenna elements 

with an average electrical length of /72, but alternative 
embodiments are feasible having electrical lengths of e. 
g. /JA. 3/74. X and other multiples of a/4, which produce 
modified radiation patterns. 
50 Advantageously the helical elements extend proxi- 
mally from the distal end of the core to the conductive 
sleeve which extends over part of the length of the core 
from a connection with the feeder structure at the prox- 
imal end of the core. In the case of the feeder structure 
55 comprising a coaxial line having an inner conductor and 
an outer screen conductor the conductive sleeve is con- 
nected at the proximal end of the core to the feeder 
structure outer screen conductor 
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Using the above-described features it is possible to 
make an antenna which is extremely robust due to its 
small size and due to the elements being supported on 
a solid core of rigid material. Such' an antenna can be 
arranged to have a low-horizon omni-directional re- 
sponse with robustness sufficient for use as a replace- 
ment for patch antennas in certain applications. Its small 
size and robustness render it suitable also for unobtru- 
sive vehicle mounting and for use in handheld devices. 
It is possible in some circumstances even to mount it 
directly on a printed circuit board. 

The longitudinal extent of the antenna elements, i. 
e. in the axial direction, is generally greater than the av- 
erage axial length of the conductive sleeve. Typically the 
average axial length of the antenna element is twice that 
of the sleeve, and the diameters of the elements and the 
sleeve are the same and in the range of from 0.15 to 
0.25 times the combined length of the antenna elements 
and the sleeve. Preferably, the average axial length of 
the sleeve is not less than 0.35 times the average axial 
length of the antenna elements. The difference in axial 
tength between the antenna elements of the first pair 
and those of the second pair is generally less than one 
half of their average length and preferably in the range 
of from 0.05 to 0. 1 5 times their average length. . 

The antenna may be manufactured by forming the 
antenna core from the dielectric material, and metallis- 
ing the externa! surfaces of the core according to a pre- 
determined pattern. Such metallisation may include 
coating external surfaces of the core with a metallic ma- 
terial and then removing portions of the coating to leave 
the predetermined pattern, or alternatively a mask may 
be formed containing a negative of the predetermined 
pattern, and the metallic material is then deposited on 
the external surfaces of the core while using the mask 
to mask portions of the core so that the metallic material 
is applied according to the pattern. Other methods of 
depositing a conductive pattern of the required form can 
be used. 

A particularly advantageous method of producing 
an antenna having a trap or balun sleeve and a plurality 
of antenna elements forming part of a radiating element 
structure, comprises the steps of providing a batch of 
the dielectric material, making from the batch at least 
one test antenna core, and then forming a balun struc- 
ture, preferably without any radiating element structure, 
by metallising on the core a balun sleeve having a pre- 
determined nominal dimension which affects the fre- 
quency of resonance of the balun structure. The reso- 
nant frequency of this test resonator is then measured 
and the measured frequency is used to derive an ad- 
justed value of the balun sleeve dimension for obtaining 
a required balun structure resonant frequency. The 
same measured frequency can be used to derive at 
least one dimension for the helical antenna elements to 
give a required antenna elements frequency character- 
istic. Antennas manufactured from the same batch of 
material are then produced with a sleeve and antenna 


elements having the derived dimensions. 

The invention will now be described by way of ex- 
ample with reference to the drawings in which:- 

5 Figure 1 is a perspective view of an antenna in ac- 

cordance with the invention: and 

Figure 2 is a diagrammatic axial cross-section of the 
antenna. 

10 

Referring to the drawings, a quadrifitar antenna in 
accordance with the invention has an antenna element 
structure with four longitudinally extending antenna el- 
ements 1 0A, 10B. IOC, and 10D formed as metallic con- 

15 ductor tracks on the cylindrical outer surface of a ceram- 
ic core 12. The core has an axial passage 14 with an 
inner metallic lining 1 6, and the passage houses an axial 
feeder conductor IS. The inner conductor 18 and the 
lining 1 6 in this case form a feeder structure for connect- 

20 ing a feed line to the antenna elements 10A - 10D. The 
antenna element structure also includes corresponding 
radial antenna elements lOAR, lOBR. 10CR. 10DR 
formed as metallic tracks on a distal end face 1 2D of the 
core 1 2 connecting ends of the respective longitudinally 

25 extending elements 10A-10D to the feeder structure. 
The other ends of the antenna elements 10A - 10D are 
connected to a common virtual ground conductor 20 in 
the form of a plated sleeve surrounding a proximal end 
portion of the core 12. This sleeve 20 is in turn connect- 

30 ed to the lining 1 6 of the axial passage 1 4 by plating 22 
on the proximal end face 12P of the core 12. 

As will be seen from Figure 1 . the four longitudinally 
extending elements lOA - lOD are of different lengths, 
twoof the elements 10b, lOD being longer than the other 

35 two 10A. 10C by virtue of extending nearer the proximal 
end of the core 1 2. The elements of each pair 10A. IOC: 
108. lOD are diametrically opposite each other on op- 
posite sides of the core axis. 

In order to maintain approximately uniform radiation 

-^0 resistance for the helical elements lOA - lOD. each el- 
ement follows a simple helical path. Since each of the 
elements 1 0A - 1 0D subtends the same angle of rotation 
at the core axis, here 180" or a half turn, the screw pitch 
of the long elements lOB. 10D is steeper than that of 

-^5 the short elements 10A. IOC. The upper linking edge 
20U of the sleeve 20 is of varying height (i.e. varying 
distance from the proximal end face 12P) to provide 
points of connection for the long and short elements re- 
spectively. Thus, in this embodiment, the linking edge 

50 20U follows a zig-zag path around the core 12. having 
two peaks 20P and two troughs 20T where it meets the 
short elements 10A, IOC and long elements 10B. 10D 
respectively. 

Each pair of longitudinally extending and corre- 
55 sponding radial elements (for example 10A. 10AR) con- 
stitutes a conductor having a predetermined electrical 
length. In the present embodiment, it is arranged that 
the total length of each of the element pairs lOA, 10AR: 
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IOC. lOCR having the shorter length corresponds to a 
transmission delay of approxinnately 1 35° at the operat- 
ing wavelength, whereas each of the element pairs ^ OB. 
lOBR; 10D, 10DR produce a longer delay, correspond- 
ing to substantially 225*. Thus, the average transmis- 
sion delay is 180V equivalent to an electrical length of 
aJ2 at the operating wavelength. The differing lengths 
produce the required phase shift conditions for a quad- 
rifilar helix antenna for circularly polarised signals spec- 
ified in Kilgus. "Resonant Quadrifilar Helix Design". The 
Microwave Journal. Dec. 1970. pages 49-54. Two of the 
element pairs lOC. lOCR: lOD, 10DR (i.e. one long el- 
ement pair and one short element pair) are connected 
at the inner ends of the radial elements lOCR, lODR to 
the inner conductor 1 8 of the feeder structure at the dis- 
tal end of the core 12. while the radial elements of the 
other two element pairs 10A. 10AR: 108. 10BR are con- 
nected to the feeder screen formed by metallic lining 1 6. 
At the distal end of the feeder structure, the signals 
present on the inner conductor 1 8 and the feeder screen 
16 are approximately balanced so that the antenna el- 
ements are connected to an approximately balanced 
source or load, as will be explained below. 

With the left handed sense of the helical paths of 
the longitudinally extending elements 1 0A - 1 0D. the an- 
tenna has its highest gain for right hand circularly polar- 
ised signals. 

If the antenna is to be used instead for left hand cir- 
cularly polarised signals, the direction of the helices is 
reversed and the pattern of connection of the radial el- 
ements is rotated through 90*. In the case of an antenna 
suitable for receiving both left hand and right hand cir- 
cularly polarised signals, the longitudinally extending el- 
ements can be arranged to follow paths which are gen- 
erally parallel to the axis. 

The conductive sleeve 20 covers a proximal portion 
of the antenna core 1 2. thereby surrounding the feeder 
structure 16. 18, with the matenal of the core 12 filling 
the whole of the space between the sleeve 20 and the 
metallic lining 16 of the axial passage 14. The sleeve 20 
forms a cylinder having an average axial length Iq as 
show in Figure 2 and is connected to the lining 1 6 by the 
plating 22 of the proximal end face 12P of the core 12. 
The combination of the sleeve 20 and plating 22 forms 
a balun so that signals in the transmission line formed 
by the feeder structure 16, 18 are converted between 
an unbalanced state at the proximal end of the antenna 
and an approximately balanced state at an axial position 
generally at the same distance from the proximal end 
as the upper linking edge 20U of the sleeve 20. To 
achieve this effect, the average sleeve length Iq is such 
that, in the presence of an underlying core material of 
relatively high relative dielectric constant, the balun has 
an average electrical length of X/4 at the operating fre- 
quency of the antenna. Since the core material of the 
antenna has a foreshortening effect, and the annular 
space surrounding the inner conductor 18 is filled with 
an insulating dielectric material 17 having a relatively 


small dielectric constant, the feeder structure distally of 
the sleeve 20 has a short electrical length. Consequent- 
ly, signals at the distal end of the feeder structure 16. 1 8 
are at least approximately balanced. (The dielectric con- 
5 stant of the insulation in a semi-rigid cable is typically 
much lower than that of the ceramic core material re- 
ferred to above. For example, the relative dielectnc con- 
stant of PTFE is about 2.2.) 

The applicants have found that the variation in 
10 length of the sleeve 20 from the mean electrical length 
of k/4 has a comparatively insignificant effect on the per- 
formance of the antenna. The trap formed by the sleeve 
20 provides an annular path along the linking edge 20U 
for currents between the elements lOA- lOD. effectively 
15 forming two loops, the first with short elements 1 0A, 1 0C 
and the second with the long elements 10B. lOD. At 
quadrifilar resonance current maxima exist at the ends 
of the elements lOA - 10D and in the linking edge 20U. 
and voltage maxima at a level approximately midway 
20 between the edge 20U and the distal end of the antenna. 
The edge 20U is effectively isolated from the ground 
connector at its proximal edge due to the approximate 
quarter wavelength trap produced by the sleeve 20. 
The antenna has a main resonant frequency of 500 
25 MHz or greater, the resonant frequency being deter- 
mined by the effective electrical lengths of the antenna 
elements and. to a lesser degree, by their width. The 
lengths of the elements, for a given frequency of reso- 
nance, are also dependent on the relative dielectric con- 
30 stant of the core material, the dimensions of the antenna 
being substantially reduced with respect to an air-cored 
similarly constructed antenna. 

The preferred material for the core 12 is zirconium- 
titanate-based material. This material has the above- 
35 mentioned relative dielectric constant of 36 and is noted 
also for its dimensional and electrical stability with var- 
ying temperature. Dielectnc loss is negligible. The core 
may be produced by extrusion or pressing. 

The antenna elements 1 0A - 1 0D. 1 0AR - 1 0DR are 
40 metallic conductor tracks bonded to the outer cylindrical 
and end surfaces of the core 12. each track being of a 
width at least four times its thickness over its operative 
length. The tracks may be formed by initially plating the 
surfaces of the core 12 with a metallic layer and then 
45 selectively etching away the layer to expose the core 
according to a pattern applied in a photographic layer 
similar to that used for etching printed circuit boards. Al- 
ternatively, the metallic material may be applied by se- 
lective deposition or by printing techniques. In all cases. 
50 the formation of the tracks as an integral layer on the 
outside of a dimensionally stable core leads to an an- 
tenna having dimensionally stable antenna elements. 

With a core material having a substantially higher 
relative dielectric constant than that of air. e.g. = 36, 
55 an antenna as described above for L-band GPS recep- 
tion at 1 575 MHz typically has a core diameter of about 
5mm and the longitudinally extending antenna elements 
lOA - 10D have an average longitudinal extent (i.e. par- 
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allel to the central axis) of about I6mm. The long ele- 
nnents 10B. lOD are about 1 Snnnn longer than the short 
elements lOA. 10C. The width of the elements lOA - 
10D is about 0.3mm. At 1575 fVlHz, the length of the 
sleeve 22 is typically in the region of 8mm. Precise di- 
mensions of the antenna elements 10A - 10D can be 
determined in the design stage on a trial and error basis 
by undertaking eigenvalue delay measurements until 
the required phase difference is obtained. 

The manner in which the antenna is manufactured 
is described in the above-mentioned copending appli- 
cation No. 9517086.6. 


Claims 

1. An antenna for operation at frequencies in excess 
of 200MH2. comprising a substantially cylindrical 
electrically insulative core of a material having a rel- 
ative dielectric constant greater than 5, with the ma- 
terial of the core occupying the major part of the vol- 
ume defined by the core outer surface, a feeder 
structure extending axially through the core, a trap 
in the form of a conductive sleeve encircling part of 
the core and having a ground connection at one 
edge= and first and second pairs of antenna ele- 
ments each connected at one end to the feeder 
structure and at the other end to a linking edge of 
the sleeve, the antenna elements of the second pair 
being longer than those of the first pair, wherein the 
antenna elements of both pairs follow respective 
longitudinally extending paths, and the said linking 
edge follows a non-planar path around the core, the 
antenna elements of the first pair being joined to the 
linking edge at points which are nearer to the con- 
nections of the elements to the feeder structure than 
are the points at which the antenna elements of the 
second pair are joined to the linking edge. 

2. An antenna according to claim 1. wherein each of 
the longitudinally extending antenna element fol- 
lows a respective helical path around the axis of the 
core, and the angle subtended by the two respec- 
tive ends of each said antenna element at the core 
axis is the same in each case. 

3. An antenna according to claim 2, wherein each of 
the said elements executes a half turn around the 
core axis, the connections between the elements 
and the feeder structure lying in a common plane 
perpendicular to the core axis, and wherein the 
screw pitch of the elements of the first pair is differ- 
ent from that of the elements of the second pair 

4. An antenna according to any preceding claim, 
wherein the linking edge of the trap follows a zig- 
zag path around the core with the elements of the 
first and second pair being joined at peaks and 


troughs respectively of the linking edge. 

5. An antenna according to any preceding claim, 
wherein the ground connection edge of the trap lies 

5 in a plane perpendicular to the core axis and the 

average axial length of the sleeve forming the trap 
is at least approximately V4. where k is the operat- 
ing wavelength at the interface between air and the 
dielectric material of the core. 

10 

6. An antenna according to any preceding claim, 
which is quadrifilar having a single first pair and a 
single second pair of antenna elements. 

15 7. An antenna according to any preceding claim, 
wherein the trap and the antenna elements are in- 
tegrally formed on the cylindrical outer surface of 
the core. 

20 8. An antenna according to any preceding claim. 

wherein the antenna elements of the first and sec- 
ond pairs are connected to the feeder structure by 
respective radial elements on a planar end surface 
of the core, and wherein the ground connection of 

25 the trap is formed by a conductive layer formed on 
the other end surface of the core. 

9. An antenna according to claim 8. wherein the feeder 
structure is a coaxial transmission line, each of the 

30 said antenna element pairs having one element 
connected to an inner conductor of the feeder struc- 
ture and one element connected to an outer con- 
ductor of the feeder structure, and wherein the outer 
conductor is joined to the said conductive layer 

35 

10. An antenna according to any preceding claim, 
wherein the average axial length of the antenna el- 
ements is greater than the average axial length of 
the conductive sleeve. 

40 

11. An antenna according to claim 10. wherein the av- 
erage axial length of the antenna element is. at least 
approximately, twice the average axial length of the 
sleeve, and the diameter of the elements and the 

45 diameter of the sleeve are the same and in the 
- range of from 0.15 to 0.25 times the combined 
length of the antenna elements and the sleeve. 

12. An antenna according to claim 10. wherein the ratio 
50 of the average axial length of the antenna elements 

to the average axial length of the sleeve is less than 
or equal to 1 :0.35. 

13. An antenna according to any preceding claim, 
55 wherein the difference in axial length between the 

antenna elements of the first pair and those of the 
second pair is less than one half of their average 
length. 
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